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Summary. Intraspecific allometry of pup mass as 
a function of maternal mass was analysed in Ant- 
arctic fur seals (Arctocephalus gazella), a highly di- 
morphic species. The allometric exponent was 0.6, 
much lower than in interspecific omparisons. 
Slopes were the same for mother-son pairs as for 
mother-daughter pairs, but adjusted means were 
significantly higher for the former, indicating high- 
er reproductive effort of mothers of sons. The cor- 
relation of maternal mass with pup mass explained 
59% of the variance in female pup mass but only 
18% of that in male pup mass. Females appeared 
to produce sons which were as big as possible. Rel- 
ative pup mass decreased with increasing maternal 
mass indicating a lower reproductive effort of big- 
ger and presumably older mothers, contrary to ex- 
pectations from life history theory. Sex ratio of 
pups showed no relation to maternal mass. 
Introduction 
Among homeotherms larger animals as a rule pro- 
duce larger offspring. The relation is allometric 
and is usually described as a power function of 
maternal body mass. For mammals, exponents of 
maternal mass for the prediction of neonate mass 
range from 0.71 to 0.94 (Millar 1977, 1981; Blue- 
weiss etal. 1978; Robbins and Robbins 1979; 
Peters 1983). For precocial mammals the exponent 
was found to be 0.91 (Martin and MacLarnon 
1985). As a consequence of this allometry, relative 
mass of offspring - e.g. as a percentage ofmaternal 
body mass - falls with maternal size in these inter- 
specific comparisons. 
Leutenegger (1977) noted a lower exponent 
value for intrageneric allometry in macaques indi- 
cating a different relationship at lower taxonomic 
levels, an observation often made in other compar- 
isons as well (Clutton-Brock and Harvey 1984; 
Harvey and Mace 1982; Smith 1980). Apparently 
the intraspecific scaling of neonatal mass has not 
been determined for undomesticated mammals, 
nor has it been asked whether male and female 
offspring scale similarly. Equal scaling of male and 
female offspring is not necessarily to be expected 
where sexual selection is important. Where repro- 
ductive success varies more widely among males 
than females (Trivers 1972; Clutton-Brock et al. 
1982) and this variation among adults is influenced 
by early parental investment, a parent may benefit 
from expending reater parental effort on sons 
than on daughters (Maynard Smith 1980). 
We explored intraspecific scaling, using a data 
set collected by one of us (DPC) on Antarctic fur 
seals (Arctocephalus gazella). This species provides 
an excellent test case for intraspecific scaling since 
growth in fur seals is indeterminate (Payne 1979) 
and the body mass of reproductively active females 
ranges, according to age, between about 25 and 
55 kg body mass. Furthermore, this species is 
highly dimorphic, with full-grown males weighing 
about 5 times as much as females (Payne 1979). 
Mothers produce a single, large, precocial young 
and males are born significantly heavier than fe- 
males and usually grow faster until weaning (Payne 
1979; Croxall et al. 1988). Therefore, theoretical 
considerations suggest hat large females should 
predominantly produce sons and small females 
daughters (Trivers and Willard 1973). 
We tested specifically: (i) whether the intraspe- 
cific relationship between maternal body mass and 
neonatal mass differs from the interspecific one, 
(ii) whether sons and daughters cale differently 
to maternal body mass, and (iii) whether maternal 
body mass influences the sex ratio of offspring. 
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Table 1. Regressions of pup mass as the dependent variable against maternal mass of Antarctic fur seals. Body mass was measured 
within 24 h of parturition for 22 mother-son pairs and 25 mother-daughter pairs. Regression equations for mass in kg. PM =pup 
mass; MM=maternal  mass; RPM=relative pup mass=(PM/MM) 9 100; m=male;  f=female; S.E.=standard error of slope; 
r = Pearson's correlation coefficient; P = two-tailed probability; N= sample size 
Regression of Intercept Slope S.E. r P N 
log PM - MM -0.247 0.598 0.135 0.551 <0.001 47 
log fPM - MM -0.269 0.594 0.103 0.770 <0.001 25 
log mPM - MM -0,067 0.507 0.241 0.426 <0.05 22 
PM -- MM 2.32 0.071 0.018 0.503 <0.001 47 
fPM -- MM 2.07 0.068 0.013 0.734 <0.001 25 
mPM -- MM 2,88 0.068 0.032 0.423 =0.05 22 
log RPM -- MM 1,75 --0.401 0.135 --0.405 <0.01 47 
log fRPM - MM 1,73 -0.406 0.103 -0.636 <0.001 25 
log mRPM - MM 1,93 -0.492 0.241 -0.415 <0.1 22 
Methods 
Antarctic fur seals were studied during the austral summers 
of 1983-84 and 1984-85 at Bird Island, South Georgia (54~ 
38~ The animals were weighed to the nearest 50 g on 
a platform balance. Neonatal and maternal mass were mea- 
sured on the day of birth or the day thereafter. In three newborn 
Galapagos fur seals (Aretoeephalus galapagoensis) mass at 24 h 
after birth was 1% less than at birth. Thus measurements within 
24 h of birth reliably estimate neonate mass. Differences be- 
tween years and sexes were tested by analysis of covariance 
(COVARAN; Sokal and Rohlf 1981) and by Mann-Whitney 
U-tests (MWUT). All significances (P-vahies) given are two- 
tailed. 
Results 
Absolute pup mass at birth increased significantly 
with maternal body mass (Table 1). The logarith- 
mic regression did not give a much better fit than 
the linear one (Table 1). Slopes for the mass rela- 
tions of mother-son pairs were not significantly 
different from those for mother-daughter pairs 
(Fig. 1 and Table 1 ; P > 0.1, COVARAN). How- 
ever, the correlation between maternal and male 
pup mass just reached significance, while that for 
maternal and female pup mass was highly signifi- 
cant (Table 1). In both years, analysed separately, 
male pup mass did not significantly correlate with 
maternal mass, whereas these relations were always 
highly significant for mothers with daughters. 
Mean male pup mass was greater than that of 
female pups (5.57_+0.77 kg, n=22, versus 4.74___ 
0.58 kg, n = 25) leading to significantly different in- 
tercepts and adjusted means for the regressions 
(P< 0.05, COVARAN;  Fig. 1). Neither slopes nor 
adjusted means differed significantly between years 
(COVARAN). We also calculated these regres- 
sions using female standard length and condition 
(condition = (maternal mass 9 100)/standard 
length 3) as the independent variables. None of 
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Fig. 1. Neonatal offspring mass as a function of maternal mass 
at the time of parturition in Antarctic fur seals, o = female 
neonates; 9 = male neonates. Slopes for male and female neo- 
nates are not significantly different, but intercepts are (for levels 
of significance see text). Regression equations in Table 1 
Relative pup mass decreased with increasing 
maternal mass, indicating a lower reproductive f- 
fort of bigger mothers (Table 1; P--0.001; CO- 
VARAN). Mothers of all sizes expended relatively 
more effort on the production of sons (P<0.05; 
COVARAN). Daughters were on average 
12.25% + 1.25% (mean + s.d. ; n = 25) of maternal 
mass while sons were 14.16% _+2.03% (n--22). 
In the poor krill year 1983-84 (Croxall et al. 
1988) female Antarctic fur seals weighed at parturi- 
tion significantly less (37.2+_6.1 kg, n=15) than 
in 1984-85 (40.3+5.1 kg, n=32), an apparently 
normal year (MWUT, P=0.05). Mean pup mass 
relative to maternal body mass tended to be greater 
in the food-poor year 1983-84 than in the food- 
rich year 1984-85. In 1983-84 female pups were 
12.6% -t- 1.2% of maternal mass while in 1984-85 
it was 12.1% _ 1.3%, and for male pups the respec- 
tive numbers were 14.5 % + 2.0 % versus 
14.0% • 2.1%; but these differences between years 
were not significant. 
Females with male pups had a mean mass of 
39.6_+4.8 kg (n=22) and those with female pups 
of 39.1_+6.2 kg (n=25). The difference was not 
significant within either of the two years or for 
both years combined (MWUT, P = 0.468). Median 
mass of females in our sample was 39.4 kg. Sex 
ratio of pups of mothers of above median mass 
was about the same as that of mothers of below 
median mass (above median 10:13 (males: females) 
or 0.43; below median 12" 11 or 0.52). This is con- 
trary to the theoretical expectation of adaptive sex 
ratio shift. 
Discussion 
Intra-versus interspecific scaling of neonatal mass 
Over the range of maternal body mass of Antarctic 
fur seals from 26 to 53 kg linear scaling describes 
the variation in neonatal mass almost as accurately 
as logarithmic scaling. Upon recalculation, this 
also proved to be true for published analyses at 
a generic (Macaques; Leutenegger 1977) or sub- 
familial level (Phocid seals; Kovacs and Lavigne 
1986). This is not very surprising since small sec- 
tions of a logarithmic urve can be approximated 
quite well with a linear fit. 
For comparison with published analyses of in- 
terspecific scaling the exponential description is 
more useful since most analyses are reported as 
logarithmic regressions. For organ mass intraspe- 
cific comparisons usually yielded lower exponents 
than interspecific omparisons (Smith 1980). Our 
finding suggests the same for birth mass relative 
to maternal mass. The exponent 0.6 for all neo- 
nates or female neonates only (Table 1) is lower 
than those reported for mammals in general (Peters 
1983). As Martin and MacLarnon (1985) pointed 
out one should, however, distinguish between 
mammals with altricial and precocial young. Their 
exponent for a sample of 130 species with precocial 
young was 0.91, considerably higher than the in- 
traspecific exponent we found. Kovacs and La- 
vigne (1986) report an exponent of 0.82 for phocid 
seals which lies closer to our value. However, their 
value is based on inaccurate data for the body mass 
of elephant seal females and their pups (they used 
900 kg for northern and 790 kg for southern ele- 
phant seal females). Reanalysis of their regression 
using recently obtained data on both species col- 
lected within 3 days of parturition (Northern ele- 
phant seal females: 480+96 kg, n=15, and their 
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pups 40+6.5 kg, n=15;  LeBoeuf and Costa un- 
publ. data; Southern elephant seal females: 
500 _+ 111 kg, n = 26, and their pups 43 _+ 6 kg, n = 
29; Fedak and McCann 1987) yields an exponent 
of 0.930 (+_0.118, S.E. of the slope), much closer 
to Martin and MacLarnon's (1985) value for pre- 
cocial mammals and clearly different from the in- 
traspecific slope found in the Antarctic fur seal. 
Intraspecifically neonate size increases less with 
maternal size than in the comparison of animals 
of widely differing taxonomic levels (mouse to ele- 
phant). If so, our data indicate that size per se 
may not produce such strong allometry, and other 
factors connected with different adaptations, e.g. 
altricial versus precocial (Martin and MacLarnon 
1985), also play a major role in size-correlated 
changes. 
Maternal effort on male and female offspring 
The most interesting result of our study was that 
maternal mass was a good predictor of female neo- 
nate mass, but was not nearly as good for male 
neonates. This was not due to greater variance in 
pup mass. In our data, the coefficient of variation 
was about the same for female (CV= 12.2%) and 
male neonates (CV = 13.8%). Doidge et al. (1984) 
stated that male neonate mass varies less between 
years than female neonate mass (although, upon 
testing, this effect is not significant; F-test, P > 0.1). 
Only 18% of the variance in male birth mass is 
explained by materna~ mass while 59% of it is ex- 
plained in female neonates (Table 1; correlation 
with log-values). Females appear to produce sons 
which at birth are as big as possible and factors 
other than body mass, e.g. condition of the mother, 
may correlate better with neonatal male mass. 
However, we found no significant correlation be- 
tween condition at parturition or female standard 
length (an indicator of her age) and pup mass. 
However, maternal condition over the course of 
the preceeding year, when she was carrying the 
fetus, might still be more influential in determining 
male neonate mass than condition at parturition. 
Fur seal males are under strong intra-sexual 
selection for large size since in these highly poly- 
gynous species body size becomes very important 
in male-male territorial competition permitting ac- 
cess to females in reproductive condition. Thus 
male size largely determines the contribution which 
a male is expected to make to the next generation. 
The importance of male-male competition has 
been documented for the Northern elephant seal 
(LeBoeuf 1974) and in red deer (Clutton-Brock 
et al. 1982). Females appear to be under less selec- 
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tion for large size, presumably because the proba- 
bility of successful reproduction in females is less 
dependent on size. Nevertheless, the question ar- 
ises why daughters do not take as much of their 
mothers' reserves as they can get, i.e. become as 
big as male pups. 
Adaptive sex ratio shift 
The relationship between pup sex and maternal 
size postulated by Trivers and Willard (1973) was 
not detectable in our data set. Contrary to their 
hypothesis, mass of mothers of daughters was al- 
most the same as that of mothers of sons and sex- 
ratio of offspring was not clearly biased according 
to maternal mass. Of course, mass at parturition 
may be a poor estimator of maternal condition 
at the time of conception, a year before, but this 
seems not to be very likely since maternal mass 
is largely a function of age, although the variation 
within each cohort is still substantial (Payne 1979). 
Since life-history theory (Horn and Rubenstein 
1984) predicts that mothers will expend greater 
maternal effort as their reproductive value drops, 
production of more sons - the more expensive sex 
- by bigger mothers would be expected. This does 
not happen. Furthermore, our finding that relative 
pup mass decreases with increasing maternal mass 
(and therefore presumably maternal age) also indi- 
cates that the reproductive ffort of older mothers 
may become lower rather than increase. 
Acknowledgements. Logistic support for research at Bird Island 
was graciously provided by the British Antarctic Survey. Sup- 
port was provided by the Division of Polar Programs, National 
Science Foundation grant No. 8311799. We thank P. Thorson, 
J. Herpolsheimer and C. Duck for their field assistance at Bird 
Island, and W. Wickler for support at the Max-Planck Institut, 
Seewiesen, during the write-up. T. Clutton-Brock, P. Hammer- 
stein, H.-U. Reyer and P. Ward provided valuable comments 
on the manuscript and D. Schmidl kindly drew the graph. 
References 
Blueweiss L, Fox H, Kudzma V, Nakashima D, Peters R, Sams 
S (1978) Relationships between body size and some life his- 
tory parameters. Oecologia (Berl) 37:257-272 
Chitton-Brock TH, Albon S, Guinness F (1982) Red deer. Chi- 
cago Uni:e Press, Chicago 
Clutton-Brock TH, Harvey PH (1984) Comparative approaches 
to investigating adaptation. In: Krebs JR, Davies NB (eds) 
Behavioural ecology. Blackwell, Oxford, pp 7-29 
Croxall JP, McCann TS, Prince PA, Rothery P (1988) Repro- 
ductive performance of seabirds and seals at South Georgia 
and Signy Island, South Orkney Islands, 1976-1987: impli- 
cations for Southern Ocean monitoring studies. In: Sahr- 
hage D (ed) Antarctic Ocean Resources Variability. Spring- 
er, Berlin Heidelberg New York Tokyo (in press) 
Doidge DW, Croxall JP, Ricketts C (1984) Growth rates of 
Antarctic fur seal Arctocephalus gazella pups at South Geor- 
gia. J Zool Lond 203:87-93 
Fedak MA, McCann TS (1987) Parental investment in southern 
elephant seals, Mirounga leonina. Abstract, 7th biennial 
Conference on the Biology of Marine Mammals, Miami 
1987 
Harvey PH, Mace GM (1982) Comparisons between taxa and 
adaptive trends: problems of methodology. In: King's Col- 
lege Sociobiology Group (ed) Current problems in sociobi- 
ology. Cambridge University Press, Cambridge, pp 343-362 
Horn HS, Rubenstein DI (1984) Behavioural daptations and 
life history. In: Krebs JR, Davies NB (eds) Behavioural 
ecology. Blackwell, Oxford, pp 279-298 
Kovacs KM, Lavigne DM (1986) Maternal investment and 
neonatal growth in Phocid seals. J Anita Ecol 55:1035-1051 
LeBoeuf BJ (1974) Male-male competition and reproductive 
success in elephant seals. Am Zool 14:163-176 
Leutenegger W (1977) Neonatal-maternal weight relationship 
in Macaques: an example of intrageneric s aling. Folia Pri- 
matol 27:152-159 
Martin RD, MacLarnon AM (1985) Gestation period, neonatal 
size and maternal investment in placental mammals. Nature 
313:220-223 
Maynard Smith J (1980) A new theory of sexual investment. 
Behav Ecol Sociobiol 7: 247--251 
Millar JS (1977) Adaptive features of mammalian reproduction. 
Evolution 31 : 370-386 
Millar JS (1981) Post partum reproductive characteristics of 
eutherian mammals. Evolution 35:1149-1163 
Payne MR (1979) Growth in the Antarctic fur seal Arctocepha- 
lus gazella. J Zool Lond 187:1-20 
Peters RH (1983) The ecological implications of body size. 
Cambridge University Press, Cambridge 
Robbins CT, Robbins BL (1979) Fetal and neonatal growth 
patterns and maternal reproductive effort in Ungulates and 
Subungulates. Am Nat 114:101-116 
Smith RJ (1980) Rethinking allometry. J Theor Biol 87:97-111 
Sokal RR, Rohlf FJ (1981) Biometry. Freeman, San Francisco 
Trivers RL (1972) Parental investment and sexual selection. 
In: Campbell B (ed) Sexual selection and the descent of 
man. Heinemann, London, pp 136-179 
Trivers RL, Willard DE (1973) Natural selection of parental 
ability to vary the sex ratio of offspring. Science 179:90-92 
